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Abstract 
This paper analyses the climate change in La Plata Basin, one of the most important regions in 
South America due to its economy and population. For this work it has been used the Meteorologi- 
cal Research Institute (MRI) and the Japanese Meteorological Agency (JMA) atmospheric global 
model. For both near and far future, the projected changes for temperature over the entire basin 
were positive, although they were only statistically significant at the end of the XXI century. 
Changes in the annual cycle of mean temperature were also positive in all subregions of the basin. 
Regarding precipitation, there were no changes in the near future that were statistically signifi- 
cant. The summer (winter) is the only season where both models project positive (negative) 
changes for both periods of the future. In the transitional seasons these changes vary depending 
on the spatial resolution model and the area of study. The annual cycle showed that the largest 
changes in precipitation (positive or negative) coincide with the rainy season of each subregion. 
Regarding the interannual variability of temperature, it was found that the 20 km. model pro- 
jected a decrease of this variability for both near and far future, especially in summer and autumn. 
On the other hand, the 60 km. ensemble model showed a decreased of year-to-year variability for 
summer and an increase in winter and spring. It was also found that both models project an in- 
crease in precipitation variability for winter and summer, while in other seasons, only the 60 km. 
ensemble model presents the mentioned behavior. 
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1. Introduction 
In the present paper, an analysis of climate change over La Plata Basin (LPB) in South America as simulated by 
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a global high-resolution climate model is presented. The global model of Meteorological Research Institute 
(MRI) and Japanese Meteorological Agency (JMA) is used in this study.  
In recent years there are few studies in the literature describing the present climate and future projections of 
the La Plata Basin using climate models (global or regional). Among them, [1] evaluated how a set of global 
models (one generation before the CMIP3) represents the present climate of the La Plata Basin and they found 
that the simulated precipitation does not match well with the observed data (some underestimations were found 
over eastern Argentina, Uruguay and southern Brazil). In the same region, these authors also found that the 
models overestimate the observed temperature. Furthermore, [2] evaluated the ability of some models of the 
WCRP-CMIP3 program to represent the temperature and precipitation in the present climate in the La Plata Ba- 
sin and projected changes for the future. Regarding the temperature they found that the observed amplitude be- 
tween summer and winter is overestimated by the ensemble of models, especially on the centre and south of the 
La Plata Basin. They also found some deficiencies in the representation of precipitation over La Plata Basin, 
such as overestimation of intense precipitation events (weak) on the north (central and southern) basin. When 
the mentioned authors analyzed precipitation projections, it was found positive changes in autumn and winter on 
the northern sub regions of the basin, as well as in the south and centre throughout the year. The rainfall distri- 
bution showed an increase (decrease) in the frequency of weak (intense) events rainfall in the north of the basin 
and an opposite change in the centre and south of it. Moreover, within the project CLARIS-LPB (Europe-South 
America Network for Climate Change Assessment and Impact Studies in La Plata Basin) seven high-resolution 
regional experiments have recently conducted over South America, with emphasis on the La Plata Basin. These 
simulations were performed in order to obtain detailed projections in the region considering a possible climate 
change scenario (some preliminary results could be found in [3]. Besides, [4] evaluated how these models rep- 
resent the present climate over South America. These authors found that in general all models adequately de- 
scribe the spatial characteristics of precipitation and temperature, although they detected some defects in the 
representation of annual and seasonal cycle, especially in precipitation (underestimation of precipitation during 
the winter on Uruguay and during January, February and March on Low-Parana sub-basin). 
On the other hand, there are loads of studies that analyse the climate change over South America using dif- 
ferent models ([5]-[8]; among others). If the focus is put in LPB region, in general all of the mentioned authors 
agree in projecting for the XXI century an increase of temperature in all the seasons, a positive change of pre- 
cipitation in summer and a negative in winter. But, as it was said previously there is few papers studying climate 
change over LPB region in detail. 
This work is a part of a previous study that includes all of South America [5]. We improve here the study only 
over La Plata Basin because its economic importance and large population. Most of the generation of power 
electricity for Argentina, Brazil Paraguay and Uruguay come from La Plata River and its tributaries: Paraná, 
Paraguay and Uruguay rivers. La Plata Basin is the largest water system in South America after the Amazon 
watershed and the fifth largest in the world. The basin includes important territories belonging to the central and 
northern Argentina, southern/southeastern Brazil, southern and eastern Bolivia, most of Uruguay, and the whole 
territory of Paraguay, and is home to about 50% of their combined population, generating about 70% of their to- 
tal Gross National Product. The principal sub-basins are those of the Paraná, Paraguay and Uruguay rivers and 
the average flow of the basin is 23.000 m3/s.  
Numerous studies have focused on studying the evolution of the climate of recent years on the La Plata Basin. 
Regarding the trends in precipitation, [9] and [10] found that in the last 40 years the rainfall has increased by 10% 
over the basin, reaching values of 30% in some areas. Moreover, the frequency of rain events that exceed 100 mm 
in central and eastern Argentina has tripled in recent years [11]. This increase in rainfall has led to positive 
changes in the river flow ([12]-[14]) since the evaporation due to temperature increase in the region has not 
changed significantly ([15] [16]). However, in some areas of the basin (i.e. Paraguay sub-basin) part of the in- 
crease in runoff can be attributed to land-use change (deforestation), especially since 1970 [17]. Because of this, 
the activities dependent on water resources would be affected enough to changes in precipitation and temperature 
that could lead to a possible climate change in the coming years. According to [11], the most adverse effect of 
climatic changes in the region is the increased frequency and severity of floods, which in recent years have been 
increasing as a result of both climatic and hydrological trends, such as the occupation urban and agricultural areas 
at risk of flooding. 
Recently [18] have presented an evaluation of the present climate simulation performed with the MRI/JMA 
global high-resolution climate model over southern South America. But, a more detailed comparison between 
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MRI model and observations over LPB region was assessed in [19]. A summary of the results are present below. 
In general terms, the spatial patterns of temperature and precipitation are well represented by the MRI/JMA 
model. To study the basin in detail, it was divided in sub-regions. The phase of the annual cycle of air tempera- 
ture is well represented instead the amplitude is greater than observed in some sub-regions (Paraguay, Up- 
Parana and SACZ). Regarding the annual cycle of precipitation the amplitude is overestimated in Paraguay, 
while in Uruguay and Up-Parana was underestimated by the model. The observed interannual variability of 
temperature over the basin was lower than 1.5˚C and it was found that the 20 km resolution model overestimated 
the year-to-year variability in all the sub-regions, while the ensemble of 60 km resolution model represents it 
adequately. On the other hand, the precipitation variability is well represented by the MRI/JMA model. Finally, 
it was found a cold bias in the 20 km resolution model (values lower than −1.5˚C) in some sub-regions and sea- 
sons and a warm bias (reaching 3˚C) in most of the sub-regions and seasons of ensemble of 60 km resolution 
model. In precipitation, both resolution models behave similar, showing a wet bias in Paraguay (with values 
reaching 2 mm/day) and a dry bias in the rest of the sub-regions (with values lower than −1 mm/day). 
This paper will address possible scenarios of climate change over La Plata Basin, produced by the MRI/JMA 
global model. 
2. Model and Experiment Design 
The global model MRI/JMA is used in this study. It is a global atmospheric model with a horizontal grid size of 
about 20 km (TL959) and 60 levels (L60) in the vertical with the model top at 0.1 hPa. The model is hydrostatic, 
and uses a prognostic Arakawa-Schubert scheme, the [20] and [21] boundary layer parameterization; the land 
surface is described by the Simple Biosphere (SiB) model following [22] and [23]. For more details on model 
setup see [24]. 
For the simulation scenarios, greenhouse gas emissions are specified from SRESA1B emission scenario (Spe- 
cial Report on Emissions Scenarios, [25]) and it was used to run the coupled model that was used as boundary 
conditions in the atmospheric model. It is widely know that there are more emission scenarios available to run 
models, but in this case it was chosen a medium scenario. Consequently it is important to keep in mind that this 
choice could bring to uncertainties in the projections, especially in the case of temperature [26] [27]. Figure 1 dis- 
plays the region used to analyse the results in this study. The experiments are described in Table 1. The time 
slice technique was used to perform the experiments. The slices was divided as following: present (1979-2003), 
near future (2015-2039) and far future (2075-2099). The model was run with two different resolutions (20 km 
and 60 km). In the Near and far future simulations initial condition was built using CMIP3 multimodel ensemble 
(SNF, SF, HNF, HF), CSIRO-MK3.0 model (HNF_csiro, HF_csiro), MIROCH3.2 model (HNF_miroch, 
HF_miroch) and MRI-GCM2.3.2 model (HNF_mri, HF_mri). These models belong to the WCRP-CMIP3 Pro- 
gram [28]. In the case of the 60 km experiments, the three members were constructed by changing the initial 
date in the three different years. So, for the 60 km experiments the ensemble average was performed with 12 
members. It is worth to clarify that just one simulation was performed with 20 km super high resolution model. 
Due to this model is not a coupled atmospheric ocean model, the SST for near future and future simulations was 
constructed using an estimation method. For details of the SST preparation see Section 2.2 of [29]. 
3. Results 
3.1. Changes in the Mean Climate 
3.1.1. Temperature 
Figure 2 shows the changes for the average summer temperature as results of the model experiments using 
MRI/JMA with 20 and 60 km resolution. All the experiments were performed for the near and far future. For 
experiments with lower resolution model, we performed an ensemble average in the two periods: future and 
present (so the differences shown in the figure correspond to subtraction ensembles). The figure shows that the 
projected changes are all positive. While in the near future reach values around 1˚C, in the far future the changes 
are of the order of 2.5˚C. These changes are found mainly on the north (northwest) of the basin with the 20 km 
resolution model (60-model ensemble km). The Figure also shows some differences between the two experi- 
ments; the most important is that the projected changes in the 20 km resolution model is not statistically signifi- 
cant (with 90% confidence level) in the near future, while in the 60 km resolution model results are statically  
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Table 1. Experimental design.                                                                              
Experiment name Period Initial condition Number of members 
SRNF 2015-2039 CMIP3 multimodel ensemble1 1 
SRF 2075-2099 CMIP3 multimodel ensemble1 1 
HRNF 2015-2039 CMIP3 multimodel ensemble1 3 
HRF 2075-2099 CMIP3 multimodel ensemble1 3 
HRNF_csiro 2015-2039 CSIRO-MK3.02 3 
HRF_csiro 2075-2099 CSIRO-MK3.02 3 
HRNF_miroch 2015-2039 MIROCH3.2 (hires)3 3 
HRF_miroch 2075-2099 MIROCH3.2 (hires)3 3 
HRNF_mri 2015-2039 MRI‐CGCM2.3.24 3 
HRF_mri 2075-2099 MRI‐CGCM2.3.24 3 
SR means “super-high resolution” (20 km) and HR “high resolution” (60 km). NF and F mean “Near Future” and “Future” respectively. 1Coupled Model 
Intercomparison Project, third phase; 2Commonwealth Scientific and Industrial Research Organisation, Atmospheric Research, Australia; 3Center for 
Climate System Research (University of Tokyo), National Institute for Environmental Studies, and Frontier Research Center for Global Change of Japan 
Agency for Marine Earth Science and Technology, Japan; 4Meteorological Research Institute, Japan. 
 
 
            Figure 1. Region of study. Countour are drawn to represent La Plata Basin area.             
 
significant (Figure 2(a) and Figure 2(b)). This could be related to the fact that the high resolution model is 
based on a single run. Figure 3 shows the projected changes for the average temperature during fall, for the near 
future and for the end of the century, using both experiments. For the near future, both models project changes 
less than 1˚C, while at the end of the century, the changes reach values between 2.5˚C and 3˚C (1.5˚C and 2.5˚C) 
over north (south) of the basin. When comparing both models in the near future, it again shows that the 20 km 
model resolution produces no significant changes over south of the basin, while the ensemble model exhibits 
significant changes with a confidence level of 90% over the entire study region. 
Winter changes are show in the Figure 4. In this season there is a slightly greater warming in the near future, 
especially in the higher resolution model. As in the other seasons, the far future presents further warming  
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Figure 2. Mean surface air temperature change for summer (˚C). (a) Near future minus present, for the 20 km model 
resolution; (b) Near future minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model 
resolution; (d) Far future minus present, for the 60 km ensemble model. Black contour indicates La Plata Basin region. The 
regions inside blue contours indicate 90% confidence level. Student t-test. Figures with no blue contours mean that the entire 
region is statistitcal significant.                                                                             
 
north/northeast of the basin. If both experiments are compared, one can see that in the near future the two mod- 
els project significant changes only over the northern part of the region.  
Figure 5 shows the changes in the average surface temperature for the spring season. Both models have val- 
ues between 0.5˚C and 1.5˚C in the near future and greater than 3˚C (2˚C) at the end of the XXI century over the 
northern (southern) portions of the basin. In this season all the changes are significant at a confidence level of 
90%. 
The changes in the annual cycle of mean temperature were analyzed in the sub regions shown in Figure 6. 
This subregions were defined by the CLARIS-LPB Project in order to study the sub-basins of La Plata Basin 
(Paraguay, Uruguay and Parana river), besides was defined the SACZ region (South Atlantic Convergence Zone), 
because precipitation behaviour is very important in this region of South America. In Figure 7 it can be seen that 
both models have positive changes in all sub regions and months of the year, both in the near future and in the 
far future. In addition, the figure shows that the 20 km resolution model has changes larger than the ensemble of 
60 km resolution model, in most sub regions studied. In general changes between 2˚C and 4˚C are shown in the  
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Figure 3. Mean surface air temperature change for fall (˚C). (a) Near future minus present, for the 20 km model resolution; 
(b) Near future minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model resolution; 
(d) Far future minus present, for the 60 km ensemble model. Black contour indicates La Plata Basin region. The regions 
inside blue contours indicate 90% confidence level. Student t-test. Figures with no blue contours mean that the entire region 
is statistitcal significant. Region of study. Countour are drawn to represent La Plata Basin area.                          
 
distant future for both models. Meanwhile, changes between 0.5˚C and 2˚C are shown for the near future. The 
changes in the annual cycle, at the end of this century are significant at a confidence level of 90%. However, in 
the near future there are some months in some sub regions (indicated in the figure with a circle) where the 
changes were not statistically significant. Such behaviour is observed especially in the ensemble produced by 
the 60 km resolution model. 
3.1.2. Precipitation 
Regarding precipitation, Figure 8 shows the summer changes for the near and far future, for both models. Gen- 
erally it is observed that in the near future the changes are positive (about 0.5 mm/day) for both models. How- 
ever, these changes are not statistically significant. In the distant future, both models project changes greater 
than zero, reaching values close to 1.5 mm/day in parts of the study region. The maximum in 60 km ensemble 
model observed at the west of the study region (Figure 8(d)) was also found by [30] with the CNRM (Centre 
National de Recherches Météorologiques) model (which belong to the WCRP-CMIP3 experiments), although  
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Figure 4. Mean surface air temperature change for winter (˚C). (a) Near future minus present, for the 20 km model 
resolution; (b) Near future minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model 
resolution; (d) Far future minus present, for the 60 km ensemble model. Black contour indicates La Plata Basin region. The 
regions inside blue contours indicate 90% confidence level. Student t-test. Figures with no blue contours mean that the entire 
region is statistitcal significant. Region of study. Countour are drawn to represent La Plata basin area.                     
 
the maximum seen in the 60 km model is shifted to the north if it is compared with CNRM model. In this case, 
the changes are statistically significant (with a confidence level of 90%) in some areas of the basin, depending 
on the model considered. For the high-resolution model there are statistically significant changes in the centre 
and north of the basin (Figure 8(c)), while for the 60 Km. ensemble model significant values are in the west and 
centre of the study region (Figure 8(d)).  
Changes in precipitation projected during fall, both in the near future and in the far future are shown in Figure 9. 
In the near future, both models project changes positive and negative in the south to the north of the basin (from 
0 to ±0.5 mm/day), while at the end of the century, the 20 km resolution model projected positive changes over 
most of the basin (reaching values of 1.5 mm/day to the southwest of it). In addition, the ensemble model pro-
jected negative changes (near −0.5 mm/day) in the north and positive (between 0.5 and 1.5 mm/day) in the 
southwest of the study region. Both models show, for the end of the century, statistical significance of the 
changes projected in the southwest of the basin.  
Figure 10 shows the changes in precipitation projected by both models for winter. Overall the changes are  
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Figure 5. Mean surface air temperature change for spring (˚C). (a) Near future minus present, for the 20 km model resolu- 
tion; (b) Near future minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model 
resolution; (d) Far future minus present, for the 60 km ensemble model. Black contour indicates La Plata Basin region. The 
regions inside blue contours indicate 90% confidence level. Student t-test. Figures with no blue contours mean that the entire 
region is statistitcal significant. Region of study. Countour are drawn to represent La Plata basin area.                     
 
negative (−0.5 mm/day) over the entire basin, especially in the far future. Negative changes in winter were pro- 
jected also by some of WCRP-CMIP3 models [31]. During this season, only the 20 km resolution model pre- 
sented statistically significant changes in some areas of the basin in the late XXI century.  
Finally, the projected precipitation changes with both models for spring are shown in Figure 11. In the near 
future, the model of 20 km (Figure 11(a)), projected positive changes in most of the basin reaching values of 1 
mm/day over southern Paraguay and Misiones province. Instead, the ensemble model of 60 km (Figure 11(b)) 
shows changes slightly negative (positive) on the southwest (northeast) of the study region. It is worth mention- 
ing that none of these changes is statistically significant (considering a confidence level of 90%). By the end of 
the century, both models show a similar behaviour: positive change values of precipitation over the central and 
eastern basin (reaching values of 2 mm/day) and a slightly negative change to the south of it. In addition, posi- 
tive projected changes are statistically significant in both models. 
The changes in the precipitation annual cycle projected by the MRI/JMA were also analyzed as it was for 
temperature. Figure 12 shows the changes in the annual cycle for the near and distant future, calculated in the  
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      Figure 6. The sub-regions inner La Plata Basin considered in the present study.                                    
 
regions shown in Figure 6. It can be seen that the largest changes (positive or negative) are projected for the 
summer, fall and spring. These months coincide in most of the sub regions, with the rainy season. In particular, the 
figure also shows that the sub regions Paraguay, Low-Paraná and SACZ show very small changes (which are 
generally negative) during winter and major positive changes during the summer and fall. On the other hand, the 
remaining regions (Up-Parana and Uruguay) show positive changes in the annual cycle in almost every month of 
the year. It is worth mentioning that the projected changes in the annual cycle experiments with the model MRI/ 
JMA are not statistically significant in most sub regions and months. The figure shows some exceptions; generally 
occur in the spring, summer and fall. 
3.2. Changes in the Interannual Variability 
In this section we analyse the changes in the interannual variability of temperature and precipitation over the sub 
regions of Plata Basin defined in Figure 6. 
Figure 13 shows the standard deviation for the seasonal temperature simulated by the model MRI/JMA (in both 
resolutions) for near and far future. The figure shows that in all seasons, the 20 km resolution model projected a 
decrease of interannual variability for the future (near and far). This feature is seen mainly during summer and fall. 
Instead, the 60 km ensemble model shows an increase (decrease) of that variability for the winter and spring 
(summer) in most of the analyzed sub regions. 
Figure 14 shows the coefficient of seasonal variation (the standard deviation normalized by the mean) of pre- 
cipitation simulated by the global model MRI/JMA, both for the near and distant future. During the summer and 
winter, both models project a slight increase in the interannual variability of precipitation in all sub regions studied. 
In the transition stations, only the 60 km ensemble model projected this behaviour, however, the higher resolution  
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Figure 7. Changes in the annual cycle of mean temoerature (˚C) for the sub-regions defined in Figure 6. Filled circles indicate far future 
minus present. Asterisks indicate present near future minus present. The orange lines represent the results for the 20 km model and green 
lines represent the ensemble model of 60 km. The black circles indicate the months in which the change is not statistically significant 
considering a confidende level of 90%. Student t-test .                                                                       
 
model projected slightly negative changes in the majority of the sub-regions. 
As discussed in [5], the reason for the minor changes in year-to-year variability may be the way initial condi- 
tions (SST and sea ice) for the future model runs were built. The present climate variability is used to initialise 
the future experiments. On the other hand, it is widely known that climate variability in many parts of the study 
area is largely determined by the variability of SST in the tropical equatorial Pacific Ocean caused by the ENSO 
phenomenon (El Niño-Southern Oscillation) ([32]-[34]; among others). So, on the one hand it has been proved 
that variability in SST (especially in tropical areas) is strongly associated with the climate variability of LPB re- 
gion, on the other, the future initial conditions of the model (for example, SST) were built taking into account 
the present variability. This could explain the small change in precipitation and temperature interannual variabil- 
ity that the MRI/JMA model projects in La Plata Basin. 
4. Summary and Conclusions 
This paper presents the results from global simulations of climate change under the IPCC emission scenario A1B 
for near future and for the end of the XXI century. These results are applied to the region of the La Plata Basin in 
southern South America. 
We analyzed the projected climatic changes with respect to the reference period 1979-2003. The simulations  
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Figure 8. Mean precipitation change for summer (mm/day). (a) Near future minus present, for the 20 km model resolution; (b) Near future 
minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model resolution; (d) Far future minus present, for 
the 60 km ensemble model. Black contour indicates La Plata Basin region. The regions inside blue contours indicate 90% confidence level. 
Student t-test. Figures with no blue contours mean that the entire region is statistitcal significant. Region of study. Countour are drawn to 
represent La Plata basin area.                                                                                           
 
were performed with the JMI/MRI global model. The focus of the present paper was studying the changes in the 
surface variables, air temperature and precipitation. Changes in the year-to-year variability were also analysed. 
Our primary conclusions can be summarized as follows: 
1) In all seasons, La Plata Basin undergoes a warming in the A1B scenario for the near future and to the end 
of the present century. The warming is in the range of 0.5˚C - 1.5˚C for the near future and 1.5˚C - 2.5˚C for the 
end of the century. Maximum changes in the mean temperature are projected for the northern La Plata Basin 
during all seasons. For the far future the changes in the mean temperature are statistically significant at 90% sig- 
nificance level for both model resolutions. However, in the near future the significance depends on the season 
and the considered experiment. The annual cycle of mean temperature also reflects the positive changes found 
previously. In all sub regions studied, projected changes in the annual cycle are between 2˚C and 4˚C for the 
distant future, and between 0.5˚C and 2˚C for the near future. Most of these changes are statistically significant 
at 90% confidence level. 
2) Changes in rainfall were also evaluated on the basin. It is worth noting that for the near future, no change 
was statistically significant (using a confidence level of 90%), while for the far future changes depended on the  
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Figure 9. Mean precipitation change for fall (mm/day). (a) Near future minus present, for the 20 km model resolution; (b) Near future 
minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model resolution; (d) Far future minus present, for 
the 60 km ensemble model. Black contour indicates La Plata Basin region. The regions inside blue contours indicate 90% confidence level. 
Student t-test. Figures with no blue contours mean that the entire region is statistitcal significant. Region of study. Countour are drawn to 
represent La Plata Basin area.                                                                                           
 
experiment and the area concerned. During the summer, both models showed positive changes over the entire 
study region (about 0.5 mm/day in the near future and of 1.5 mm/day by the end of this century). During the fall, 
both models project positive and negative changes from the south to the north of the basin (values ranging from 
0 to ±0.5 mm/day) in the near future. By the end of the century, it was found that the 60 km ensemble model 
maintains the same configuration as in the near future; however the 20 km model shows positive changes in 
most of the basin (reaching values of 1.5 mm/day). In this season, the positive changes found to the south and 
west of the basin are statistically significant in the far future. In the case of winter, it was found that both models 
project negative changes, especially for the distant future (with values reaching −0.5 mm/day). For spring, the 
higher resolution model projected positive changes in most of the basin for the near future, while the ensemble 
model projected negative (positive) changes on the southwest (northeast) of the study region. However, towards 
the end of the century, both models behave similarly: Positive changes over the central and eastern basin 
(reaching values of 2 mm/day) and slightly negative changes to the south of it. In addition, positive changes 
projected by both models are statistically significant. The analysis of changes in the annual cycle of precipitation 
showed that the highest values (positive or negative) are projected for the summer, fall and spring, most of them  
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Figure 10. Mean precipitation change for winter (mm/day). (a) Near future minus present, for the 20 km model resolution; (b) Near future 
minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model resolution; (d) Far future minus present, for 
the 60 km ensemble model. Black contour indicates La Plata Basin region. The regions inside blue contours indicate 90% confidence level. 
Student t-test. Figures with no blue contours mean that the entire region is statistitcal significant. Region of study. Countour are drawn to 
represent La Plata basin area.                                                                                           
 
coinciding with the rainy season of each sub region. Most of these changes were not statistically significant. 
3) Changes in the interannual variability of temperature and precipitation were also studied on the sub regions 
defined in the basin. The 20 km resolution model showed a decrease of temperature variability for the future, 
especially during the summer and fall. Conversely, the 60 km ensemble model showed an increase (decrease) of 
this variability for the winter and spring (summer) in most of the sub regions considered. For the interannual 
variability of precipitation, both models projected a slight increase of this variability for summer and winter, 
while for the transitional seasons; only ensemble 60 km projected model projected a similar behaviour in most 
sub regions studied. 
Comparing results of other global models (WCRP-CMIP3, e.g. [31] and WCRP-CMIP5, e.g. [35]) with the 
ones obtained by MRI/JMA, it can be seen that the high resolution that this model has allow to see with more detail 
the changes that could occur in LPB region. So, to make more reliable projections not only is recommended to 
have a multi-model ensemble or an initial condition ensemble, also is important improving the resolution of global 
models to obtain more detailed results in adaptation and impact studies. 
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Figure 11. Mean precipitation change for spring (mm/day). (a) Near future minus present, for the 20 km model resolution; (b) Near future 
minus present, for the 60 km ensemble model; (c) Far future minus present, for the 20 km model resolution; (d) Far future minus present, for 
the 60 km ensemble model. Black contour indicates La Plata Basin region. The regions inside blue contours indicate 90% confidence level. 
Student t-test. Figures with no blue contours mean that the entire region is statistitcal significant. Region of study. Countour are drawn to 
represent La Plata basin area.                                                                                           
 
Finally, some preliminary considerations about runoff could be done with these results. The increased pre- 
cipitation for the future (which is also observed in the present) and the expected increase in evaporation [29], 
due to increase of temperature over the basin could lead to increased runoff in the rivers of the La Plata Basin. In 
fact this model projects a positive change in runoff (approaching it like the difference between precipitation and 
evaporation [5]). So, as a result of balance between precipitation, evaporation and runoff over the basin, it could 
lead to an increase in the rivers runoff impacting positively on the hydropower generation. On the other hand, it 
is important to note that the previous analysis was done without taking into account some other processes that 
maybe could influence the runoff (like land use or occupation of land). Besides, this statement has to be taken 
into account carefully, because these results correspond only to one model. To have a better understanding of 
this topic, multi-model simulations and their associated uncertainty have to be analysed. 
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Figure 12. Changes in the annual cycle of mean precipitation (mm/day) for the sub-regions defined in Figure 6. The orange (brown) bars 
represent the results for the 20 km model for the near future minus present (far future minus present) and light (dark) green bars represent 60 
km ensemble model for the near future minus present (far future minus present). The arrows indicate the months in which the change is 
statistically significant considering a confidende level of 90%. Student t-test.                                                     
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Figure 13. Standard deviation of seasonal surface temperature (˚C) averaged over all the sub-regions defines in Figure 6. In red, results for 
the 20 km model. In green, for the 60 km ensemble model. Squares indicate present simulations, circles simulations of the near future and 
triangles for far future.                                                                                                
 
 
Figure 14. Coefficient of variation of seasonal precipitation (mm/day) averaged over all the sub-regions defines in Figure 6. In red, results 
for the 20 km model. In green, for the 60 km ensemble model. Squares indicate present simulations, circles simulations of the near future 
and triangles for far future.                                                                                             
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